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iropan Mexaynapognan KOHIIBPeHLL KA A/CONE 150 26 7

Opranaaun 0681 HHeHHbIX Hat i USSR
0 NPHMEHEHHIO aTOMHOR 3Hepruw ORIGINAL: RUSLAN
B MHPHbIX ,enax

NOARCHHT oraawicHuio Ao opHUMA NbIOTY CoOBILCHHA o Hondepenuun

OHCIIPUMEHTANIBHOE OLPELE JIEHUE YUEJBHUX OBLEMOB

THXENION BOJ B WPOKOM JMAIIASOHE TEMIIEFATYP
JABJIEHMUI

BoAKupunmun, C,A,Ymucun

3a nocnexHue TOLby, B CBA3M C Pa3BUTUEM aTOMHON TeXHUKH, TAXe-

lad BOX& HAXOAMT WYPOKOE NpUMEHEeHUe B A1 PHHX peakToOpax. Jas pac-
Y8Ta peaxKTopoB, padoTawUUX C [IpMMBHERNEM TAREJON BOIH, Tpedyercsa
SHOHME ee TennIoEU3NYEeCKUX CBOHCTE B WAPOKOR 00nacTH LoBJCHUN U Tey-
neparyp.

lIpoBesensne Lo HacTosmero BPGMEHM MCCNEeN0SaHNA OTDPEHMYMBAIUCEH
CPaBHUTE\BHO HM3KUMY TENNeDATypaMu u AaBICHUAMKH, C UENbD YaCTHYHO=
TO BOCMOJHEHHA NpoGesa, CyweCTBYDUETO B onpekenennu Temnogusuye-
CKMX niapaMeTpoB THXeNON BOAM, B HOCKOBCKOM SHEPreTN4IeCKON MHCTUTY-
Te B 1957-I1958 romex Gumio [POLEREHO UCCNeJOBAENE YIeJbHHX 0GBEMOB
TAKGJNOX BOIH npm I8BJAGHHAX oT 100 L0 500 aTM y Teulie paTypax oT

250 7o 5009, PesyasraTH padoTH MOryr ouTh [I0N@3HHMM B NpPaKTHYE CKUX
pacuerax.

3KCH8PMM€HT&JIBH8H YCTaHOBRa

HacToamas padora BuNoJHEeHa mo METOLUKe, pa3padoTanHOi B Moc-
KOBCKOM 3HEPreTHUECKOM HHCTHTYTe p 1950 LFoRy B.A.Kupuiansum,
Budop MeToZukM 00ycnosnen PAZOM ee NDEenMymecrs, M3 KOTODHX
PJ3BHHMM ABJANTCA CleLymuue: —
- I. BosuozHOCTH CpaBHUTENBHO OHCTPOro NpoBeLeHus BKCIe pUMEeHT 8}
B Hacrofme# padore ucciegopamue oznol usoTepun (I2-I4 omwTHHX TO- .

Yex), BEADYaA Pa30rpes yCTaHOBKM L0 HEOGXOLMMOY TeMIIE€ PATYDH, BaHK-
¥ai0 B cpeXnew 18-20 yacos;

25 YEAR RE-REVIEW
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2, llpocTolt cioco0 00eCHOUENHMS HOK3MONHOIO KOJMUBCTLE M 0056 -
M@ MCCJOLYEMOI'0 BAUECT DA D TTEUEHME CluUT&, [PA MCIIOJAB3OBAHMY LI
H3MepeHuA NeBJIGHMA NOPUHEBOr0 MAHOMEIDA, KMEDUEro HeM30eXHYD yTeu-
Ky B 3830p MEXIY CTOHKAMM LMAMMIDE U UTOLOM,;

3. 3HauyuTeJpHO GOoJee ynoOHaf olpadoTka BKCITE PUMEHTANBHOIO Ma-
TOPMANE M BO3MOXHOCTH C OTHOCHULG@JBHO BHCOKOR CTENCHBD 40YHOCTH
BHYMC/IMUTD TENJOCONOPKANUA ¥ DHTPONMUM N0 10JNYUeHHUYM 3HOYGHUAM Yyl Jb-
Horo odmpeMa.

Haudonpmedl TPYLHOCIBD B YCTAHOBKAX 10 ONpeXeJEeHM yj1e bHHX
00b@M0B ABJIAGTCA COXpPAHOHME I[IOCTOAHCTBA KOJIKYECTBA UCCJIBLYEMOTIO
Beme CTBA ¥ 38HUMAOMOTO UM 00BEM& B MNpoUecce OMHTa. Lad usMepeHud
JIeBJIGHUA MCCIELYeMOro BewecTBA C HEOOXOLMMOY BHCOKOM CTElEeHbw TOU=-
HOCTH Haudosee IOAXOXLSA UM NpUCOpPOM ABJIAETCA MOPWHEBOX MAaHOMETD.
OIHako, KaK yxe CKe3aHO, NODUWHEBOM MolOMETD MMEeT MpOHyCK Macla
B 3830p MEXLYy MODWHEM ¥ CTEHKAMM LMJUHLPA BHCOKOTO A8BJGHUSA M 1109~
TOMY He MOoxeT OHTh COeiHeH Henocpexcrsenno'c 00'BEMOM MCCIELYeMOro
pelecrBa, B pAfe ONHTOB, NDOBOAMBUMXCA PaHee, MOCTOAHCTBO OdbeMa
HCCJIgLyeMOr'0 BelecTBa MNOLIePXUBAJNOCHL C I10MOUbI0 3anupawnuedt xuLro-

ety (oouymO-pryTH). HO TE8KOM CHOCOG 006CHEYSHMA MOCTOAHCTDBE KOMM—
yecTsa ¥ O0DEM8 MCCIGLYeMOro BelleCTB4 CBA3AH C GOJBMMMYU HEe yi100CT-

B&MM NP NPOM3BOJLCTBE OKCIEPUMEHTA,

B onucHBaeMofl MeT OfMKe MCCIELOBaHMA NOCTOAHCTBO O0BEMA COX~—
PeHAOCH C MOMOUBD ClelyalbHOro YCTpOiCT Ba, OCHOBAHHOLQ Ha MCHOJB
30BamM¥ Lupe peHIMalbHOr0 MaHOMETpa,

CxeMa SKCHepuMeHTa JHHOM YCTAHOBXM MpEJCTaBJeHa Ha (ur.k I.

Hccnenyeuoe emecTso (TAXedas BOja) HBXOZMTCA B TOJICT OCTEH-
HOM nbesomerpe (I), MMepmeM UMJMHADUYGCKYD OPMY M CHOCOGHOM BHAEP-
XaTh BHCOKOe IaBJieH#e . lbe30METD MBrOTOBIEH M3 HepxaBsenme# CTaan
uapry LT, mHapyxmul XMemeTp nbe3omerpa - 120 MM, BHYTpeHHMI -

40 my, OOBEM (HE30METPA OPH HODMANBHHX Y CIOBMEX COCTEBJIAET NpUl-
maurenso 423 cn°,

llbe30MeTD OHJI BHIOJHEH HODA3TDYXOHHUM OT IaBJEHHMA; OLHAKO,Kak
N0Kas8/lk ONuTH, MposelenHue B MOU, TOYHOCIH 3RCIOEDUMEHTANBHHX pe-
3YyARTATOB [IDM 3TOM MPBKIWYECKH He CHURaNachk. OTCYTCTBHE CHeLMalbHO-
r0 yCTPOHCTBE ILJA pa3rpy3RK¥ Nbe30MEeTpa [103BOJAET 3H3UMTEIBHO YIOpo-
CTHTH YCT@HOBKY ¥ TeXHMKY IDOBGJGHHA 3KCNEpUMEHTa, lIbe30MeTp noME=-
WeH B TOPMOCTETHUDYODUMA CNOK, OTIUTWHH W3 xpacHOH Meny. Ind nonyueHud
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Xopowero KOHTBKTA MOXLY MOBEDXHOCTAMY GJOKA U l1be30MOTpa, MOCALKA
MeLHOIO O/I0Ka NMPOM3BOXMJIACH B ropAYeM COCTOHHUH,

C nowmoubn TONCTOCTOHHOI'O CTAIBHOTO KalMJIAPA [Ib@3OMOTD COBAM-
HOH C NpYXMHHHM MaHOMeTpoM (4). Kopnyc ManoMerpa IHoMemeH B CHeLMasb
Hult TOoNCTOCTEHHU® cOCYX, CNOCOCHUY BHIEpXaTh BHCOKO@ JLaBJeHNe, Bo
BHYTDOHHOR 1MOJOCT.. COCYyLa CO3JaBajloCh J@BJGHUO BCErO JMUib HA He-
CKOJZbKO aTMOCPep Melblee,YeM B NbO3OMEOTDE C MCCH8LYeMHM BOlL@CTBOM,
Taxwu o0pasoM, NOMEWEHHHH B COCYX MaHOMETD padoran K8k IuddgepoH-
IMBNbHNR ¥ ¥3MEDAJ CDOBHUTENBHO MANYD DPA3HOCTHL JaBaeHMHU.

B xayectBe IuijepeHIMaNbHOT0 MAHOMETpa NPUMOHANCA OCHYUHHH
NanoradapuTHHR NpyXUHHUL MeHoMeTp co ukiaioi 10 aru., Orcuer noxa-
3aHMR Xu(xpe peHIMEIBHOT0 MYHOMETDA MpOM3BOANICA Uepe3 CleuuanbHoe
CMOTDPOBOE OKHO, BHIIONIH@HHO® M3 MJGKCUIN938 TOJUMHOA OKosNo 30 MM,
Yepes Xpyroe aHaJOT'MYHOe OKHO NPOMBBOAMJIOCH MOLCBEUMBAHME WKAMH
Indxpe peHOMANBHOTO MaHOMETpA,

TaxuM o0pa3oM, LaBJeHMEe UCCIELYEMOTO Bete cTBa (TAXeNof BOAH),
SAKINYEHHOr0 B NMbE30OMETPe, ONpeLendAsOCh Kak CyMMa aTMocgepHoro Ga-
POMBTDHYECKOTO XaBJIGHKA, IAaBJIGHHA B TOJCTOCTEHHOM COCYXLeE,MpelHa3Ha-
YEHHOM XIJA NDYXMHH Indde peHUMANLHOTO MAHOMETDA ¥ W3MEPABHEMCHA C Max-
CHMaJNBHOR CTENEHBD TOYHOCTH II0pWHE BHM MaHOM@TDOM, ¥ ILaBJEHHMA,
OTCUMTAHHOIO 10 WKale AuddepeHUUMaNIbHOI0 MAHOMETpa.

lipyxuna xudde peHIMAENLHOTO MAHOMETDa, COEIWHEHHAA KaluINApoM
C BHYTDeHHefl NOJOCTb0 NMbE30METpa, CJYKMJIA 3alMPANUMM ITEOMEHTOM,
COXpaHANMIMM MOCTOAHCTBO 00HEMA MCCNENYeMOT'0 BEUEecTBE ¥ MCKIDYSRIMUM
BO3BMOKHOCTH €T0 YTeukru,

B cpeanell yaCTH TOJCTEHHOrO Kanuiaidpe OWJI BBEDPEH BOHTHMIb,
yepe3 KOTODHH Mpou3BOJUJCA BHIYCK BOJH.

lIpe3oueTp, uepe3 BeHTUNb (B2), OWI COOIWHEH C HpYXUHHHM Ma-
HOM@TDOM, [0 KOTOPOMYy BO BpEMA NOITOTOBKM K OMHTY MPOM3BOAMJIOCH Ha-
¢JIDLeHMe 38 M3MeHeHMOM ZABJEHMA B NbesoMeTpe. Eciu sertunu (B2) u
(B3) OHIM OTKDHTH, TO X&BIGHUA B NIPpYXUHEe ¥ Kopnyce JudxpepeHuUMAIbHO- .
ro MaHOMEeTD8 BHPABHMBAANWCH; 3TO0 XeNasoCh N0 Hayajla OIuTa, TDH paso-

rpeBe YCTaHOBKH,
laBneHne B KOMMYHMKAUMAX YCT@HOBKM CO31aBaloch W NOJLIEDEMBA- —
nock IZBYMA npeccamm: nopmyeBHM (I2) u sumTosuM (II),
BUHTOBHM NpeCCOM NMpOW3BOZWAACH TOHKBA PEryJIMPOBKS LAaBJCHUA.
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B kavecTse BCIOMOraTe/bHOM KMUILKOCTM MCIOJb30BANOCH Macno. OTjele-
HMe BOJW OT Macila NPOX3BOLMIOCH B CleLMaJbHOA DA3LOAMTENbION BMKO-
cr (8).

Harpes BOAW B MBE30MOTDPO IIDOMBBOAMACA B/MOKTDUYOCKUMM HATlpena-
T@/AMYA, BHIIOJHOHHNMY U3 HHXPOMOBOH poBONOKM. OCHOBHOX HarpesaTenb
HaMATHBANCA HE MJHHM GJOK. lIA paBIOMEDHOrO o0Orpesa [1be30METpa
HOMOTKA HArpepaTeNd NDOUBBOAUIACE C COGJKNLEHUGM IOCTOAHCTBA WAara
MEEXY BUTKaMu. Mexny OJIOXOM ¥ HarpeBaTeNoM IDOKASLHBALCA CHOM CID-
XH. Ha Topmax nbe3oMerpa TaKEe yCTaHABMBANUCH HATDEBAT@ NN, BUIION-
HEeHHHOe B BUJX@ CnUpaeR, NOMOWEHHHX HA KEpaMMUeCKMe KapKaCH.

lloX HUXHUM TODLEBHM HArpeBarTe]eM Ha TOJCTOCTEHHOM KaluJaAps
OHA CMOHTHPOBAH BOXAHOK XOJOLUIBHUK,

MoumHocTe BCex Harpesarenelf perynupoBafach C MoMOWBD AaGopaTop-
HHX 8BTOTparCOpMaTOpOB. PerynupoBKa Npoud3BOLUAACh BpyuHypn. Kpome
9T0ro, B LeNh OCHOBHOI'O HArpeBaTeNA CHJI BKJAWYEH BJGKTPOHHHH cTalu-
AK38TOP HaNpAKeHAA,

Ang moNMy4YeHHs pPe3YIbTATOB HEOGXOLMMOR BHCOKOJ TOYHOCTH He-
00X0ZMMO OHJIO NOJLILE PXABETH MOCTOAHCTBO TEMIEPaTYpH N0 BCEMY 00Beuy
nbesouerpa. C 9T0ff LEABD B Pa3JMUYHHX MeCTaX MO BHCOTE bE30META
OHJX YCTAHOBJNGHH NATH XPOMeJbalrMeJeBHX TepMonep. OrcyeT moks3aHuil
Tepwonap npou3BOXMJICH C IIOMOWBD NOTEHIYOMETpa, [IoCTOAHCTBO TeMmepa-
TYPd NOLNEPXUBANOCH DEryIHPOBEHMEM MOMHOCTM TODLEBHX M OCHOBHOI'Q
Harpeparene, Kpowe aroro, mepex nposeleHueM KaXioro OonuTa HOCTOSH-
CTBO TEMNEPATyPHOrO NOJA IO pacdoved JLJMHE NbE30METpa [pOBEpAJNOCE
NyTeM INepeMEemEHUA M3MUDUTONLHOr0 TEDMCMATDE CONDOTHBAGHHA IO
CrieuuaNbHO!l KaHOBKE MEKIY MOJHHM G/I0KOM ¥ [be30MeTpOM.

Obe30MeTD BMGCTE C MOIHHM CJOKOM OH/ NOKDHT TOICTHM CHOGM
acOecToBOd M3ONAUMK ¥ NOMEMAMACH B METaJMyecKBi KOXyX.

UsuepeHMe TeMTIeDATYDH NpU NPOBEXGHUM OMWIOB NPON3BOLKIOCH
T@pMOMBTDOM CONDOTHBJIQHMA, MITOTOBAEHHHM U3 IJATHHH AuamerpoM 0,1
MM MGpRA CN@KTPANBbHO-YKCTAL, DACNOJOXEHHAM B CpDelHed YacCTH Hbes0-
uerpa, Orcyer noxasaHEil TEPMOMATPA HpOM3BOIUICA C NOMONLBD NATHAGESk-
HOT0 INOTE@HLMOMETPA NEDPBOrO KA8CCE M BHCOKOUYBCTBUTOJbHOTO 36 REAJB—
HOr0 ralbBaHOMETDA.

Iepes HpoBeZeHESM ONHTOB TeMOMETP OHM OTTPaLyHDOBAH BO Bee-
CONIHON HAYYHO-HCCHEJOBATOIBCKOM MHCTUTYTE CTAHAADIOB, MED K H3Me-
PATeNBRH% NPUGOPOB. COMpOTHBAEHME TEPMOMETDA Ro B OPOKOJKE HHe
ONHTOB HOOLHOKPATHO NpPOBEPAICCH.

MsueperMe ZaBNeHUA Macla B CUCTOME MpOM3BOLUIOCH NODHHEBHM Ma-
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yoMeTpoM cucTeMu M,K,Koxonckoro, C ripejesioM 43mepeiui 1000 aru,
fpe BapuIebl0 OTTpAJYHPOBAHHUM BO BCOCONIHOM HAYYHO-MCCIELOBBTO)b-
CKOM MHCTMTYTE CT@HKLAPIOB, MED ¥ W3MODUTE/bHUX NpuéOpOB.

llepenal LaBJEHMA MOELY MbE30METPOM U MaC/AHOH cucTeMolt ycra-
HOBKM, Kak yxe OTMEYAJNOCh BHUO, MU3MEDAICH DYHINHHM Jue peHUKa b~
HHM MaHOMeTpoM. C L@/ [OBKUGMMA TOUYHOCTM OTCYeTa NOKa3aHuit Auj-
(bepeHLMANBHOrO MaHOMETDA, MOCJeiHMA Oul CHaGXeH CLOUWaIbHOM WKa-
no#t ¢ CoNpUMM YMCJIOM IeJNeHMH ¥ 11pelBapUTe/]bHO TapupoBaICA [0 NOPUHE
BOMy MaHomerpy kiaacca 0,02, [lpu 9TOoM ylaBaloCh M3MEPATH NEpEIaj
NaBAGHMA M0 Jude peHUKA/NBHOMY MAHOMETDY C TOYHOCTbD O,I arTM.

HeoGx0J¥MHM yCAOBMEM LJIA NOAYUYEHHA HAAGEHHX PO3YJbTaTOB AB-
NA@TCA M0/JHAA T8PMETHUHOCTH YCT@HOBKM, OCOOBHHO B 48CTH, 3aNOJNHEH-
Mol McCreZyeMHM SENecTBOM; [ODTOMY Nepek NpOBENEHHEM OIHIOB yCT&-
HOBKA OuJe onreccoBaHa Ha Xapienue 600 aru.

MeToIuka U3MEDOHUA YHEJIBHOTO od'eeMa

Lna onpeieneHus YLENBHOrO 00BEMA BOJH NDM ONpeLEJIEHHWX rapa-
MOTDAX HeOGXOZMMO 3HATH 00BEM padodell yacTd Nbe30METDPa MpH ITUX
napeMeTpax ¥ BeC HaxolAuerocd B HeM BeugecIBa. log odmeMoM padoueH
4aCT# NBE30OMOTpPA MHOHMMABTCA TOT 00BEM, COLEDXaHME KOTODOTO MMEeT
HEeM3MEeHHYD TeNneparypy OnHTa.

OdpeM Nbe30METPa NpM HOPMAJBHHX YCNOBHAX ONpelesIAncA 10 Becy
OGHYHOJ BOXH, MOJIHOCTBD €ro 3enoAHApmed. OmpejeneHue O0BEMA Mbe30-
MOTDA NpH HODMAJABHHX YCHOBMAX NDOM3BONUACA CAIAYDUMM o6pa3oM. IIpu
aaxpuroM BerTHNe (B2) M3 ycreHoskv ueped peHTwnb (BL) mpn mosomy
¢opBaKyyMHOT0 HAacoCa OTKAUYMBAJCH BO3LYX. llo ZLOCTHECHMN Da3PAXCHUA
nopaika 755-758 My pr.cronde OTKaYKa Ipexpailaiach,d yCTAHOBKA Uepe3
ror xe Beutunp (BI) 3amonuanach MpexBAPUTENBHO NPORUNAUCHHHM IMC-
TunnATOM. TOX KaK OTRAUKA BO34yXa ¢OpBAaKYYMHHM HACOCOM HE MOTJE npH
BECTH K NOJHOMY YI&JeHMD ero 3 Obe30MeIpa ¥ T8K K&K NAK3 HE3HE-
UMTeNbHOS KOANYBCTBO OCTABNEroCf BO3LYXa CYNECTBEHHO BIMANO CH HE
TOUHOCTH SKCNEPUMEHT®, OTKAUKYy BO3XYX8 HEOOXOJUMO OHJIO NMPOUIBOAHUTH
HEOJHOKDATHO. lad 5TOr0 Nhe30METP HarpeBaiCA X0 T8MIEPATypH 100~
IZOOC, ¥ OTKayke BOSAYXA NOBIOPAAS8CH. lakad onepalis NPOE3BOIHIECH

A0 TeX NOp, HOK& 0BEBOMCTD HE OKG3HBAEJACH NPAKTHUECKM INOJHOCTED 3pa-
KYMPOBAHHHM,
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[locne monHoro yAaJeHMA BO3JAYXa o0'beM I[1b630MOTDA [P HODPMANb-
HHX YCJOBUMAX ONpeJeNAMCA MO BeCy 3e8MOJHABWEH 6ro BoAd. las sroro
penTHAb (B2) 3aKpwBalca, BKADYAJIMCH HArpesarTein. [lo Mepe pa3orpe-
B8 YCTOHOBKM ¥ NOBHUGHKA LABJGHMA, BOXA M3 11bO30METDE BHIY CKaJach
B creusatbHuK CTeKNAHHHK coCyX nmoX ciocit macna, Harpes mbesomerpa
NnpousBoOLUICE A0 300-350°C,n JLaBleHKe COpacHBaloCh 4O aTMOCEepHOro,
Bca pHTexmad U3 YCTAHOBKM BOJA B3BOWMBAJIACH HA 8HANMTMYBCKMX BeCaX
I xnacca TOYHOCTH,

Tax Kak NpU HoIrpeBAHUM MbE3OMETPA YACTh TOJCTOCTEHHOr'O KaNuide
pa, COGJMHADNEro MbA3OMOTD C JXu(pfepeHLMa bHEM MOHOMEIDPOM, T8KXEe
HarpeBanach, HEOOXONMMO OHJIO y4YeCTh JLONOJHMTEJbHHE BHMYCK BOAH 38
cueT Harpesa kamuanapa, C aTo#t ueJpp Ha Kanuaiadpe NepeMeHHOR Temne-
paTypH OHiM 38YeKeHeHH 3 XDOMEb-aJ.ue/ie BHe TEePMONApH, NOKa3aHud
KOTOpDHX OTCUMTHBEMNCH C NOMONMBD NMOTOHIAOMETDA. JHaA OCDBEM Kamuiid-
pa, MMeDWEro nepeMeHHYD TeMIepaTypy, Jerko CHJO0 paccuMTaTh KOAx-
YeCTBO BHNYUWEHHOX M3 HEro BOJH BCJGLCTBME Harpesa.

KosuvecTBO napa, OCTaBWErocd B Nbe30METpe nocle cépoca NaBie-
HAS JO arMocdepHOro, OnpeleNanoCch C NOMOuBK TAGAHI BOLAHOI'O Napa.

Taxuu 00pa3oM, KOJHUECTBO BOJH, 38II0JHABMEe NbE3OMETD NPH HOP-
MaJIBEHX YCHOBHAX, ONpeJieNaNoch KaK

G= G@un - Gx:m*Gma,pa,,

rxe (} - BeC BOAH, HaXoZuBmeica B pacouelt 4acTy Npe30MEeTDa IIpH
HODMa8/JbHHX yCIOBHAX, (} Goun, ~ BHMYUGHHOE KONAYECTBO BOXLH,

cam — FOMMUECTBO BOJH, BHEEANEe W3 Kamiliipa BCIeLCTBHE €T0
Harpesa, (}vaqOOu - KOJHYECTBO Napa, OCTaBmeecA B NbE 30METDE
nocne copoca XaBleHMA,

B HacroAme# padore ompeleseHue 0CHEM8 Nbe30METDa NPOM3BOLKIOCH
HeOJZHOKDaTHO K8E BO BpeMd NpoBeLeHHA OIHTOB, T8K ¥ BO BpeMA Hejajk-
KM YCTOHOBKH.

Ipw mpoBeXeHWY ONHTOB NpM MapaMeTpax, OTIMYHHX OT HOPMaNbHHX,
BBOJINUCH NONDAaBKM H8 U3MEHEHMe 00BeM8 MBE3OMETPA BCICLCTBHE TENI0-
BOI'O DaCHMPEHKA ¥ H3 H30TEDMHYECKYD Xedopwaimn. MexcmuaibEad BeIHYM-
HA CyMMapLO} mONpaBEM H NpeBOCXOIuJia 2% OT HavaibHOrO o0beMa, Eci
K TOMy X8 yuecThb,uT0 KoSQQMUMOHT NMHEHHOTO DacCUMpPEeHHA ¥ MOXYAb yOpy-
roctu cram SiIT Xopomo USBECTHH B MMPOKOM JMaN&30He TeMIeparyp H

1
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JaBneHu}t, 10 ACHO, YTO HETOYHOCTM, NONyUEHHWE P4 BbELEHUH nonph-
BOK, He MOLJAM CYlLeCTBOHHO NOBIMATH H8 TOYHOCTH IKCIEPUMEHTE.

OnuTH N0 ONpeJeJeHAV YXeAbHHX OCHEMOB BOXH MPONBBOXMIUCEH MO
u30TepMeM. [lepex HarpeBOM NbO3OMETPa 10 TeMNepaTypH ONlTa BEHTUIA
(B3) u (B2) GuaM OTKpHTH, 8 BeHTHib (B6) saxpur, [Ips 9TOM JeBAeHUO
B MOJOCTH NpDYEMHH IudpepeHuMe/bHOI0 MeHOMBTDA ¥ CHapyxu 6@ BCerla
OHIO0 OZMHEKOBHM. Ilo Mepe HerpeBA Nbe30METDa ¥ NOBHmEHHMA A8BJEHNA
B HeM, U3CHTOUHAA BOJA Bumyckalach uepes senruis (BI). llepsult pe-
XUM, yCTaHABANBAGMH! H8 JAHHOX M30TEDME, XaDAKTEPUIO0BAJICA MakCH-
MAJBHHM JA8BIEHNEM ONuTa.

[lpr yCTaHOBMBUGMCA TEMIODATYDHOM DexuMe B KOMMYyHMKALMAX ycra-
HOBKM C IOMOmBY MOPUHEBOrO Npecca CO34aBeNOCH Ja8BJGHUE, NPHME DHO
peBHOe JaBJIeHMD BOJH B NbE3OMETD, ¥ TOCHe ITOr0 OTKDHBANCA BEHTHJIE
(B6), Bemtuap (B2) 3aKpHBalCH,M TeM CoMuM 0GecCreuMBaNOCh NOCIOAH-
CTBO KOMMYECTBA MCCISLYyeMOT0 BellecTBa B NbE20MBIPE M ero 00meM,
Hocxe oTkpurwa BeHruias (B7) BKmYaicA B padory NOPOUHEBO! MaHOMETP.

KoHTpolib 38 HOCTOAHCTBOM TEMNEpPaTypH MB0PAHHOTO pExiMa Mpou3-
BOIMJICE C NOMOUBD TEPMOMETPA COMDPOTUBIGHUA M [IOTEHLWOMETpUYeCKOH
CXoMH, @ KOHTDPOTb 38 NMOCTOAHCTBOM J8BICHUA-NO WKAJIE AU()epeHIyanb-
HOTO M@HOMETpa, PexuM cuurajicd yCTAHOBMBUMMCA, 6CJW TOK83&HMA MPH-
dopop He MeHamuCh B TeveHue 15-20 uuH, Ilocne 3aHeceHus B XypHal
BCOX HOOGXONMMHX I8HHHX OCymeCTBJANCA Mepexoi He CJeRYDuuiA pexuM,
NpM MeHbIEM HLeBNeHMM BOXH B nbesouerpe. C 9T0¥f LeJbD HEKOTOpOE
KONMUECTBO BOJXH M3 Nbe30METDPAa BHIYCK8JIOCh M B3BEWM BAJOCh.

O6uYH0 Ha 0ZHO} m3oTepMe 3aMmepaioch I0-I4 BKCHepUMEHIAJNbHHX
TOYeK [MpU PasAMuHHX LaBieuuax. lochaeinull BHOYCK BOAH [DOM3BOAHNCA
10 XeBJeHAS He HECKOAbKO AeCATHX Jolelf Bume aTsocdepHoro. Ucrapme-
gud KOJMYECTBO BOIH B I1be30METPE ONpefeNdnoch 0O TadIMLaM BOAAHO-
ro mapa AAA OCHYHO! BOJH C yYeTOM DABHOCTH MOJEKYJAPHHX BECOE 00HY=~
HOf ¥ TAXENOH BOXH.

Ina ompejeneHds KOMMYECTBA BOAH, KOTOPOE HAXOAUIOCh B IbE30-
MeTpe 0p¥ ASHHHX JCAOBMAX, JOCTATOYHO OWIO CJOXUTH BECad BOLH II0-
cleLyDIEX BHIYCKOB, IlpM 5TOM YUUTHBANOCh KOIMYECTBO BOIH, BHUEN-
mee K8K u3 TOM YacTH Kamuinadapa, KOTOpasd uMena nepeMEHHYD TeMmepaTy-
Py, T8K ¥ 43 TOM YACTH KanuAIfpa, KOT0DPAd MMe/Ja HEWIMOHHYD TeHNE-
paTypy.

llpn NpOBELEHWM HAJGKOUHHX ONHTOB Ha O6UYHO# BOJe Oni0 00Ha=-
pyEeno, YT0 OOBEM TPYCKM RM(hepEeHIMABHOrO MaHOMETIPa HE OCTaeICH
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MOCTOAHHMM DY DABJIMYHWX Nopenagax naBieHus. UYToOW yuecTh KOJu-
YeCTBO MULKOCTHM, BHTOCHAGMOS U3 NDYXMHH MaluoMerTpa, OHIM IpoBeJe-
HH CrneuManbHye ONWTH. ONHAKO NpK NMPOBELEGHUYM BKCIe PUMEHTa HA TAKe-
noit Boje nepenaX Ha JuddepeHUMaNBHOM MEHOMETPE CO348BAJICH MUHM-
MaJbHuMt, He doxee I aruM, BCAeXCTBUE YEro IONDABKM, CBABAHHHE C He-
NOCTOAHCTBOM 0C'B6MA MpPYXMHH MAHOMOTDA OWIM MYUHMMATbHNMY.

ToyHoCTH 2KCHE DUMOHTAJIBHNX JTaHHHX

B nacroamell pacore ompeleseHH 3HaUEHMA YIGJbHHX OGHEMOB TH-
XeJio BOAN He creXympumy. nszorepwax: 250,300,350, 360, 369, 37I,
372, 380, 400, 450 m 500°C., Bcero cmaro I3I 9KCIIe PUMBHTAIPHOE 3Ha-
9YeHHue YyIeNbHHX 005€MOB B MHTepBaje JaBJjeHu# or IO0 ara xo 500 ara.,
Tounocrs NONyyeHHHX BHEUEHMH yAelbHHX OCBEMOB MOXET OHTH OLEHEHa,
MCXOXLA M3 TOYHOCTY OTJIENbHHX M3MepPeHMIH,

Kax yxe yKesHBaJioCh, M3MeDEHME TEMICDATYPH B OMHTE IIPOM3BO-
ANJNOCH T@PMOMETDOM CONDPOTHBIGHMA, M3TOTOBJIGHHHM U3 MAGTHHH MaDKA
CII€KTDaNbHO-YNCTaA, C IIOMOWLBD HNATHIEKANHOI0 NOTEHIMOMETPA, Marcu-
M8 NbHO BOBMOXHAA OMMOKA MpM STOM Moria cocTasuts 0,019C, Femm
y4eCTh,UTO KOJEeGaHuMA TENMNepaTypH BO BpPEMA OHHTaA cocTasiduau + I xele
HUe nocnelHeldl NeKaIH IOTEHIMOMBTPE, TO MaKCHMABJBHO BO3MOEHEA OWUG-
Xa, onpejeideMad HEKOTODHMM U3MEHEHMAMM TEMIEepPaTypH COCTaBUT
t0,03°C.Kpoue 9T0ro, BO3MOXHAA HEPABHOME@DHOCTH TeMIEDATypPH MO LIU-
He Nbe30MeTpPa MOria COCTaBUTH Makcumansho 0,01°C, B pe3ynabTare mo-
nIy4aercCd, UTO MAKCMMAABHO BO3MOXHAA OWMOKA B ONpeXENEHWM TeMIepa-
TYDH ONHTS HE NpeBHMAET 0,05°C,

V30uTOYHOE XaBJ/ieHHEe BOIHW B NbE30OMETPE CKIGZHBANOCH M3 N0Ka3a-
Hu#t nopuneBoro u IudxpepeHOMaIbHOTO MaHOMETPOB. UYBCTBUTENBHOCTS
[I0PUHEBOI'0 MAHOMETPA COCTaBAANE BeIMUMHY nopazke I r, uro no Xasie-
HEuD coorseTcrayer 0,025 xr/cu®, OuuGka wm3Mepenuit nepenaza JaBJleHKA
no auddepeRIyaNsHOMY MOHOMETDY He npemummaita 0,1 ara, Taxum 00pasox,
CyMMapHad MaKCHMalbHaA OMKOKa B MIMEDEHMM IaBJeHUA He [IpeBHEANA Be-
NUU¥HH noparka 0,I25 ara,

KpoMe sroro, TOWHOCTH M3MepeHMA TEMIEDATYDH M CYMMapPHOTO
X&BJSHKA Oule HPOBePEHE CHEelMa/bHHMA ONHTAMU MyTeM CHATHA KDHUBOH
Ha CHMOHMA OCHYHO! BOXH KO TEMMNEparyp, GAH3KUX K KDUTHYECKOHR; mpH
3TOM DP3CXORJOHMe B 3HAYOHAAX JaplleHu#, NONYUEHHHX B OINHTE X TalAUy-
HHX,He npesHmano 0,05%

'
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B3ReunBanmMe roaMYecTBa BUNyWEHHON BOAW NPOM3BOJMJIOCE HE AHAJM-
TH4eCKUX BECAX C TOYHOCTBD %0 IO™" rp, npi BTOM BBOAUIACH norpasxa
Ha B3BEUMBAHMDO TUPb B mycrore. Tek kax 10 HacroAwero BPEMEHM 3HO-
YOHHA YHeNBHHX 00BEMOB TAXCJON BOIH GHIM HeH3BECTHH, TO I.0MpaBKH,
YUMTHBADIYG M3MOHCHN® BOXH B KaNMJINADAX [ePeMEHHOZ ¥ KOMHaTHOR Te)
fiepaTypaX pacCUNTHBAMACE MO TACMYHHM BHAUGHHAM YIe JbHHX 0GDHEMOB
OGHYHOX BOAH C YYETOM DaBHOCTH MOJeKYJADHUX BOCOB. AHANOTMYHO pac-
CUMINBANACh MONpaBKa HAa KOJHYECTBO Napa, OCTEDWETOCH B N0NOCTH
Ib630MOTDA NMOCJIe MOCAGIHOTO BHOYCKA. TeX Xak B6JMUMHY [onpaBox
HOSHBUMTENBHH [0 CPABHOHHD C KOJIMYECTBOM BHIYCKAEMON U3 [bO3OMOT-
pa BOAH, TOYHOCTD ONNTE ODM JTOM CYWECTBEHHO He MEHA/NACH,

UTo xacaeTcA aACOPOUME NApa CTEHKAMM npe30M8TPA, TO, KAK [OKa-
S8J1 ONHTH H& OCHYHOR BOXE, NDH AHANOTMYHHX napeMeT pax, OHa He3Ha-
uiTe IBHA,

llepex npoBeXenueM McciaefoBaRmi C TAXEMON BOZOX padoTa ycra-
HOBRM OHJ&@ NPOBODOHA CHOLHMAJBHHMM OMHTEMK HA OGHUHOl BOZe B 00Ja-
CTH, BeCbMA ONMBKOM K KpuTH4YeCKOk Touke. HoiayueHHHe IIpH 9TOM XaHuHe
WMeTH Xopomee COrJiacHe C pPaHee NOJYYOHHNMY 3HAUGHMAMU YX6JBHHX
00BEMOB.,

Hcxoxa m3 Beero CKA38HHOTO, MaKCHMAJBbHYD NOrPENHOCTh MOXHO
ouenurs B 0,3%.

KpuBad HacHueHmA KPUTHUECKUE I1a paMeT DH
TAXG IO}/ BOIH

KpuBasd HaCHNGHKA TAXeJ0! BOIH QECIeDUMEHTANbHO MCCJEL0BaJach
HeoXHoxpaTHO (M.I, 2,3,4). B aTHX MCCHOLOBAHMAX GHIO OCHApyXeHO
CymeCTBOHHOE pa3inine B JaBNeHMAX HACHUCHUA OCHUHOR ¥ TAXe IOk BOJIH,
IpuueM 3TO Pa3JMYME M3MEHANOCh C N3MOHEHHOM TeMIe paTy pH.

llpy rTeuneparypax muxe 220°C maBienwe HaCHIGHHOI' 0 Napa OGHYHOR
BOAN BHmE, UeM y TrAxeno#l.Tax, mpu rteumeparype 50°C 9TQ NpeBHUAHKE
COCT@BIAGT BEAWUMHY mopaira 1I%, Ilpu Tewmmeparype mume 220°C pas-
Juune B IaBIeHWAX HACHEOHMA OCHYHOA M TAXenol BOJH YMEHbNAeTCH,
Op# TeMmepaType OpMOMMBHTENbHO paBHOR 220°C omo mcue 3aeT BOBCE,

' llpy ranbHE¥meM yBEIUYSeHMH TewnepaTypx sume 220°C rnaBieHue
HACHIGHHOTO Nap& TAXGAOH BOJH CTAHOBUTCA CONmEe XaBASHHA HACHUGHHA
OCHYHOX BOJH. OTO NPOBHUGHHE COXPAHABTCA BIIGTH KO TeMIepaTypH,paBHOil
KPHTHYECKOM,M IO BEJMYAHE BO3PaCTAET C yBe XYOHMEM TeMIIEDaTyPH.
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Toxum 00pasoM, KpUEAs HOCHWOHWSA THKEJOH BOJM 1IGPC CEKEOT
KPUBYD HOCWMEHMA OCHYHOR BOXW lIpM TeMilepaType CiuM3Kod K 220°¢,

Bo BceM IyanasoHe TeMmeparyp OT 0% 10 KPUTUYECKOH TOYKM
TAxeJ0f BOIH ¥MeeT COJbNYD BEJUUUHY, UeM ¥ OOLYHOK BOJIH. oT ‘S

Bo/NBUMHCTBO DKCNOPUMOHTANBHHX PAGOT 110 UCCHSL0BAHUD JaBleHMA
HOCHIWGHMA TAXeNON BOJH OrpaHMUYEHO 0CN8CTHD HeGONLWMX JLaBleHuldt, B
1956 roxy Ouna nposeieHa padora (N.5) 0o mccrelOBeHMD L8BIGHMA Ha-
CHU@HAA NAPOB TAXEJNOX BOJW B 00NaCTM TeMIepaTyp BHUE 200%,

B HacrodAmeR padore ompeieseHo I3 SKcnepUMeHTaNbHHX 3H8YEHMH
HaBJienul HeCHUOHUA NapoB TAXenOf BOXNM Ha usorepnax 300, 350, 360,
369, H 3719C, B radm. I NpuBeJeHH 3HauyeHud 3TUX LaBieHuit. Pacxox-
IeHue B JaBJGHMAX HACHUGHMA, MOJNYUEHHWX B HacToAme# padoTe, CO BHa-
yenumm (J1.5) pasAMYHO NPU Pa3JMYHHX TeMmepaTypax. Ha usoTepMe
300 u 350°C sHaueHus JaBleHU#A, nonyyeHHHX B Hame} padoTe, HECKOJBKO
BHUE BHaYeHMH, MoJyyeHHHX B pacdore (1.5). Ipu TeMnepaTypax, doJee
CJIM3KHX K KpUTHYE CKROH, KapPTHHA HECKOJIBKO MEHAETCA; H8 U30TEpMax
360, 369 n 371°C sHauemna IaBJlenud, NOJNYUeHHHX B HBCTosAmel padore,
HeCEONbKO Huxo JasneHudt (1.5). (¢ur.2).

Kpuruveckue napameTpd TAxeNod BOXH onpeleldnuch B padorax
(1.5, 6). TonydoHHHe 0DV ITOM 3HAUOHUA KDUTHYECKHX AOBJEHUN M TeM-
nepaTyp pasHATCA MexLy coGod. Io AaHEdM padord (1.6) 3Hauenue Kpu-
THYeCKOM TeumepaTypd 371,5 C, mo zauuuM padora (1.5) 'tﬁquz 370,9°C;
pacxoxfenue cocrasaset 0,6°C,

B Hacrosme# padoTe crneimMa’ibHOr'O ONpeLeNeHMA KPUTHUECKMX Napa-
MeTPOB THAxeJo# BOLH He NpoBoXuioch., ORXHAKO ompeleleHnme GONBUOrO
KOJMMYeCTBA OKCIEDWMMEHTE/bHHX 3HOUEHMH yIeJNbHHX 00BeMOB B 00KaCTH
CIM3KOX X KPUTHYSCKOM NMO3BOJNAET CLEJNATh HEKOTOPHE BHBOJIH.

Ha usorepme 37I°C N0 HoUUM KAHEHM B P- V"= 1uaerpauMe noJayyaer-
CA Ir'OPU3OHTANBHHH yqacrox npy¥ JLaBleHUK 221 ,4 aTa, CJeLOBaTENbHO,
KpUTK¥YeCcKasa TeMnepaTypa TAxeJodl BOLH pacClONOXeHa BHIe 371°C,

Ha usorepue 372°C ropMsonTanbHOTO yyacTka B P -V~ IuMerpaMue
He OCHapyxuBeeTCA; CHIEl0Ba8TENbHO, KDETHUECKES TeMnepaTypa HuEe
3729C, Taxum 06pa30M, MOXHO CZEJaTh BHBOX, YTO KPUTMYECKAd TeMIepa-
Type TAXEJOW BOZH JNexXUT MexIy 3HoueHuAMm 371 372°C. 910 Xopouo
COriacyercs C pes3ynbTaTaMy paloTH (#.6). BemiunRa KPRTHYECKOX TeM-
nepaTypd, monyuyensas B padore (4,5), BMIWMO, BAHMEEHA.

i
Vo
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YXenbuHo 00TEMH TAKENOH BOLM

JHBYeHHA YRONbHHX 00BEMOB THAXEJOH BOXH, [OJNYyYGHHHEe B LOHHOMU
padore, npuselens B rTadmue 2, laBJeHMe BHPaXOHO B TEXHHYBCKHX T~
Mocdepax, TeMneparype B °C, yheJbHHE 00BEMH B cua/r.

He (ur.3 npuselens [P-7~ JHuarpemma B 06J8CTH LaBIOHMH OT
I50 1o 500 atuM. u odpemos xo I0 cu®/r. Paj BKCIIePUMEHT8IBHHX TO-
YeK, pacno/OXeHHHX OpY LaBleHuAx Huxe I50 ara uM uMMenIMX 00BEM
domsme IO cu®/r, He AMerpemue He mpuBejeH.

HeuGonbmwee KOIMUSCTBO OKCHODUMEHTANBHHX 3HOUGHMH yXeIbHHX
00BeMOB NPUXOAUTCA HE 0GN8CTH COJbWMX NMAOTHOCTeR (06H8CTH BOAH) M
H8 001aCTh CJM3KYD K KDUTHUECKON Touke. ITO CBABAHO C TEM,YTO B
06JacTH CJM3KO DACNONOXEHHOM K KPMTMUECKON TOUKe, 3HAYUEHUA YLe]b-
HHX 00BeMOB TAXeJoff BOXW HauGoNee pe3KO OTAUYANTCA OT YJA8JbHHX
00beMOB OOLYHOR BOIH, B oGnacTu napoBoit ¢asH OTKIOHEHUA CTEHOBAT-
¢4 0oJee MNJ@BHHMM, XOTA MO BENMYMHE COJBWMMM, YeM B OGNOCTH BOAH.

U3 paccmorperus P-7 IuarpeMuMH CHgAyeT, YTO 9KCIE PUMEHTAENbHHE
3HAUGHUA YIeNBHHX OCBEMOB XOpOWO YKJ8XHBAWTCA HA NJIABHHE KDUBHE.,
Paadpoc sxcnepuMe HTaNBHHX TOYEX He3HauMTeNeH., 0COGEHHO XOPOWO BTO
BUIHO B 0CNaCTX CONBEMX NJOTHOCTeH, Ihe M30TEPMH MAYT NOYTH Bep-
THKBJIBHO, |

B odnacTu M8nuX AeBNEeHMA U COJNBUMX YIEJBHWX OGBEMOB pa3G6POC
TOUEK BHABUTH TPYIHO,TAK KaK 3KCIEDPMMEHTAJbHHE TOYKM DE&CHOJOESHH
Ha 3HAUKTE/NbHOM DACCTORHMM ADYr 0T LDyra.

CreXyer 0cOGO OTMETHMTH XOpoWlee B38MMHOE COOTBETCTBUE TOYEK
e usorepwax 369, 371 u 372°C, Pa30poc Touek He STUX M3OTEPMAX TakK-
X@ H@3HauKTeNeH, 1,eClHM yyecCTb,4TO MpeLBApUTE/]bHAA MPOBEPKA PacdoOTH
YCT@HOBKM NOK23aka OTCYTCTBME CHCTEMATHUECRMX OWMGOK, MOXHO MpEeIM0-
n18raTh, 49T0 TOYHOCTH MOAYYEHHHX L&HHHX BECbMA BHCOKA.

B HacroAmee BpeMA NMpoLoJEeeTcH JLaabHeiimee MCCHQLOBAKAE IKCHE=-
PUMEHTAJbHHX 3Ha4eHH# yXeJbHEX 00BHEMOB TAEeNOH BOIH., OTCYTCTBMe
@H8JIO¥HOr 0 JKCNEPUMEeHTaNbHOr0 MaTepnaja He MO3BOJAET NDOBECTH He-
NOCPEACTBEHHOS CONOTTABASHHE.

OnydnuxosanHue B AMTEPEType LEHHHE DDUIXMEHA N0 YIENbHHM 00BEMay
T4%e/10% BOJM (1.7) OTHOCATCH K 0GN8CTH ADPYTUX N@DaMETPOB, 8 UMEHHO
- MaANX TemMnepaTyp W GOoNbEMX JgaBaeHuil, OnyGiuropauHas B 1955 roxgy
pacora (3.8) OXBATHBAET MHTEpBAN TeMIepaTyp TOAbKO 0T 95 zo 160°C,
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Loy 00po30OM, HPULEJOHINIG B HOCTOAWEH pOGOTE HOHIUNG ABJIINTCH
G IMHCTLOHIEMI B YyK&3aHHOM AMANa30le TeMiepaTyp U JenjeHui,

TaGauua k I
SHOUGHMA AaBJIOHNH HACHWEHMA TAXEJ0d BOAU

t % 300 350 360 369 371

P omnttHoE 88,72 171,80 193,93 216,40 221,46
ate 88,67 171,80 193,92 216,36 221,42
88,71 171,66 193,90

P cpexHee
ara 88,70 171,75 193,92 216,38 221,44

Tadauua ¥ 2
JKClePUMEHTA IbHHE 3HAUEHUA YIEJBHHX 00BEMOB

TAXEJOH BOJIH

[N _

250°¢ r o 300% 1 850% ! 360%
! R 3 ip & 8
:z- -1 mupt o gl B S
P4 H S P4 ! o) ! o ! (A 0
81,87 1,123 86,64 19,21 89,38 24,02 74,29 BI,II
194,87 1,106 88,71 4,092 147,61 1II,I2 135,68 I3,88
300,03 1,092 88,67 2,412 171,62 4,78 167,.. 9,392 .
B 397,57  I,08I 88,72 1,618 171,66 3,55 I91,88 6,113 .
©497,25 1,070 103,78 1,268 171,80 2,060 193,90 4,005
178,16 1,243 171,80 1,647 193,92 2,501
242,28 1,223 186,63 1,560 19,93 I,822
310,33 1,205 222,30 1,498 216,07 I,645
400,41 1,185 262,28 1,451 251,64 1,559 .

312,37 1,409 291,23 I,50I

374,03 1,370 341,92 I,449

425,96 1,343 384,90 I,4I6
496,75 1,313 432,82 1,386 —
S 496,43 1,353 -
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Todnuue b 2
Cnpojoxeime )

13-

380°C

b

17,42 93,94
9,912 152,19
5,869 199,95
4,019 221,33
2,976 224,14
2,542 227,25
2,405 252,15
2,289 282,64
2,051 332,97
1,834 378,14
1,648 433,30
1,551 496,54
1,468
1,405
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-I4- Tagamua % 2
(npoxoaxenue)
400°¢ i 450°¢ ; 500°¢

! P ' o v ! ou®
' b [
91,87 26,91 91,17 30,37 83,12 36,80

142,24 15,56 138,21 18,81 149,74 19,23

190,19 10,I3 172,81 14,27 201,73 13,52

246,46 6,030 226,64 9,884 250,27 10,31
279,40 4,034 274,08 7,382 293,13 8,334
297,71 3,031  3I4,0I 5,826 328,61 7,090
316,39 2,410 345,15 4,848 364,07 6,091
351,38 1,992 394,29 3,651 395,86 5,350
378,03 1,855 452,41 2,754 422,01 4,832
418,64  I,730 482,81 2,469 449,34 4,363
460,14 1,649 804,02 2,322 474,53 3,989

500,32 1,582 500, 74 3,652
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